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ON THE BEGENEBATION OF BONE IN ITS BELATION TO 
THE CULTIVATION OF BONE TISSUE. 

BY N. A. DOBROWOLSKAJA, PETROGRAD. 

THE theoretical question of the regeneration of bone tissue possesses practical 
importance in two directions (1) The treatment of fractures; (2) The 
repairing of bone defects by the transplantation of bone tissue. 

It is already admitted that the best results arc obtained by autoplastic 
grafting, but authors are not unanimous in their opinion as to the actual 
part played by the ‘transplant.’ The malority now adhere to Barth’s view 
that the cells of the transplanted bone and periosteum perish, and are replaced 
by newly-formed bone tissue. According to some (Barth, Frangenheirn, 
Grekoff), the source of newly-formed bone exists in the bone matrix of the 
bed into which the bone is transplanted. Others (Axhausen) believe that the 
periosteum and bone marrow of the ‘transplant’ take a prominent part in 
the process. A third group (Ollier, Petroff) accords an active r6le to the 
young connective-tissue cells surrounding the transplanted piece. A case of 
bone transplantation was described by me in the Russka Wratch of 1914, in 
which the transplanted portion was finally eliminated by suppuration, and 
nevertheless the clinical result was excellent. Such a result can hardly be 
explained from the point of view of the r81e of the ‘transplant’ alone. The 
eliminated bone was quite carious, lust as if it had been utilized for the organ- 
izing of new tissue. 

In order to throw light on this question, use was made of the method of 
the cultivation of tissues in vitro. I will not describe this method in detail, 
as i t  is well known from the works of Hamson, Burrows, Carrel, Pozzi, 
Marinesco and Nirea, Lambed and Hanes, Ingebngtsen, Ruth, and others. 
Regarding the cultivation of bone, I know of only one work on the sublect, 
that by Foot on the growth of chicken-bone marrow and its bearing on 
hamatogcnesis in adult life. This has, however, no special relation to bone 
tissue. 

Briefly, the experiments were carried out in the following manner : Small 
pieces of bone taken from young animals (mice, kittens, rabbits) were placed 
on slides in homogeneous plasma, and covered with a watch-glass with a 
hanging drop of distilled water, which was hermetically sealed with paraffin. 
This preparation was placed in the incubator, and from time to time examined 
under the microscope. As soon as the first signs of liquefaction appeared in 
the medium, or sometimes even sooner, the cultures were fixed zn situ in the 
usual manner. For the first experiments me used bone with its periosteum 
and bone marrow. The result was mostly a luxuriant growth, accompanied 
by intense round-cell infiltration, which partially obscured the picture of the 
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growth. For this reason an attempt was made €0 cultivate the different 
constituents of the bone separately. The long bones were cut longitudinally ; 
then the periosteum was scraped off with a knife, and the bone marrow 
removed with a small curette ; finally, the bone and periosteum were in turn 
subjected to experiment. It was not sufficient for our purpose to experiment 
with bone marrow alone, so we decided to use the spongiosa of bone instead. 

The scraped bone was cut into small pieces in different directions, and 
placed in plasma on the slide in the usual manner. The result was a very 
definite and clear growth almost free from cellular infiltration, and probably 
arising from all living elements of compact bone (Fig. 209). It is true that 
this growth was not so luxuriant as the one procluced m 
which all the constituents were taken together ; but on 
showed very distinctly the different forms of cells, with 

the experiment in 
the otherhand, it 
processes growing 

FIQ. 209.-Growth fiam compact bone. 

out of compact bone ; and sometimes a connecting strand of protoplasm was 
noticed between the new cells and those lying in the origina1 tissue (Fig. 210). 
Occasionally, two pieces of bone were closely adjacent t o  one another, and 
we observed that the ,space between them was rapidly filled by growing 
cells, which united the two separate parts. 

The cultivation of separated periosteum gave less satisfactory results, 
and hardly any growth was observed. This may have been due to'the fact 
that in young animals the periosteum is exceedingly tender, and possibIy it 
was deprived of its vitality in consequence of the bruising -it suffered in the 
process of being scraped off the bone. 

The experiment with bone spongiosa showed an active growth, but the 
picture was again obscured by intense round-cell infiltration. 

The result of our experiments, especially those with compact bone, seems 
to exdain in some measure the process which takes place in the organism in 
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bone-grafting operations and in the healing of splintered bone, and to throw 
some light on its mode of action. As a matter of fact, these two processes 
are quite analogous, because every piece of bone which has been entlrely 
separated off by fracture may be regarded as a free bone ‘transplant.’ One 
can hardly imagine a piece of bone within the organism in a worse condition 
than if it were on the slide ; although it IS true that the two cases are not quite 
paraEle1, inasmuch as embryonic tissues on the slide show only cell propagation 
without tissue formation, whereas when grafted into the organism they pro- 
duce well-differentiated tissues-namely, muscle, bone, skin, lymphoid tissue, 
etc. (Hansemann, Askanasi, Petroff). 

From the above we may conclude that a detached piece of bone must 
of necessity play some active part in the process of bone regeneration, We 
know (Bashkirtseff, Petroff) that islets of osteogenetic tissue have been noticed 

Fro. 210.-Growth from compact bone, a connecti& strand of protoplesm IS seen 
botween a new cell and one lying in the oripnal tissue. 

round a piece of bone transplanted without its periosteum. Probably this 
osteogenetic formation arises from the growing cells of the transplanted piece ; 
but the newly-formed bone only acquires permanent v.itality when connected 
with the bone-matrix, by means of which it is brought into relation with the 
central nervous system and the other normal conditions of life. One cannot 
wonder that these newly-formed cells should not be permanent, as it is a 
general law of development that imperfect forms should gradually be replaced 
by more perfect ones. In addition to other things, the organism finds in 
the piece of transplanted bone a s a m e  of organic salts, whioh are necessary 
for bone regeneration. 

Our experiments also throw ‘some light on the rale of .blood-coagulation 
in the process of bone regeneration as described by Bier. By means of its 
fine fibrinous network, the coagulum aids the growth of the osteogenetic tissue- 
cells in the same manner as observed on the slide. 
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CONCLUSIONS. 
1. Bone tissue is capable of producing a luxuriant growth in vitro. 
2. The living elements of compact bone tissue are also capable of develop- 

ing  new cells. 
3. The islets of osteogenetic tissue round a piece of bone deprived of its 

periosteum, and transplanted into the soft tissues, probably arise from the 
growing cells of the transplanted compact bone. 

4. When the bone is transplanted with its periosteum, the growth is 
evidently more active, and this would explain the more favourable clinical 
results of such transplantations. 

5. I n  order to obtain due strength, it is necessary that the bone should 
be connectegl with the matrix-bone, through which it enters into normal 
conditions. 

6. Blood-coagulum aids the growth of osteogenetic cells by means of its 
fibrinous network. 

7. The practical lesson *gained by our experiments is as follows : splinters 
in non-suppurdting fractures must be treated most carefully, and if possible 
the wound must not be interfered with. In suppurating cases, the extradtion 
of splinters should be delayed as long as possible, in order to give the organism 
a chance of profiting by the regeneration of bone. 
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